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Abstract
C16H8O4, monoclinic, Pc (no. 7), a= 3.7133(1) Å, b= 9.7214(4)
(2) Å, c= 15.5765(6) Å, β= 96.121(2)°,V = 559.08(3) Å3, Z = 2,
Rgt(F)=0.0506, wRref(F2)=0.1274, T = 150(2) K.

CCDC no.: 1960371

The crystal structure is shown in the figure. Table 1 con-
tains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

Source of materials
To a solution of 2,3-dichloronaphthalene-1,4-dione (0.5 g,
2.2 mmol) in pyridine (analytical pure, 99%, 50 mL),
3,3′′,4′′,5,7-pentahydroxy-flavone (0.67 g, 2.2 mmol) was
added and heated to 80 °C with magnetic stirring. After 24 h,
the reaction mixture was cooled to room temperature and
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Table 1: Data collection and handling.

Crystal: Red block
Size: 0.40×0.15×0.10 mm
Wavelength: Cu Kα radiation (1.54178Å)
µ: 0.95 mm−1

Diffractometer, scan mode: Bruker APEX-II, φ and ω-scans
θmax, completeness: 74.7°, >99%
N(hkl)measured, N(hkl)unique, Rint: 4922, 1904, 0.024
Criterion for Iobs, N(hkl)gt: Iobs > 2 σ(Iobs), 1848
N(param)refined: 182
Programs: Bruker programs [1], SHELX [2, 3]

Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å2).

Atom x y z Uiso*/Ueq

C1 0.2574(8) 0.9446(3) 0.0871(2) 0.0482(7)
C2 0.1782(8) 0.7996(3) 0.1059(2) 0.0490(7)
C3 0.0003(8) 0.7091(3) 0.0505(2) 0.0479(6)
C4 −0.1447(8) 0.7502(3) −0.0370(2) 0.0490(7)
C5 −0.0726(8) 0.8956(3) −0.0610(2) 0.0481(7)
C6 −0.1944(8) 0.9418(3) −0.1436(2) 0.0509(7)
H6 −0.3165 0.8801 −0.1841 0.061*
C7 −0.1391(9) 1.0769(4) −0.1672(2) 0.0565(8)
H7 −0.2233 1.1071 −0.2238 0.068*
C8 0.0375(9) 1.1678(3) −0.1091(2) 0.0564(8)
H8 0.0720 1.2607 −0.1254 0.068*
C9 0.1643(9) 1.1232(3) −0.0268(2) 0.0516(7)
H9 0.2887 1.1855 0.0129 0.062*
C10 0.1111(8) 0.9885(3) −0.0022(2) 0.0469(6)
C11 0.1807(9) 0.6079(3) 0.1763(2) 0.0494(7)
C12 0.2476(9) 0.5100(3) 0.2423(2) 0.0510(7)
C13 0.1155(9) 0.3793(3) 0.2219(2) 0.0542(7)
H13 0.1524 0.3086 0.2640 0.065*
C14 −0.0704(9) 0.3483(3) 0.1413(3) 0.0554(7)
H14 −0.1572 0.2574 0.1306 0.067*
C15 −0.1317(9) 0.4455(3) 0.0769(2) 0.0531(7)
H15 −0.2559 0.4228 0.0223 0.064*
C16 −0.0040(8) 0.5787(3) 0.0952(2) 0.0503(7)
O1 0.4319(7) 1.0189(2) 0.13825(16) 0.0583(6)
O2 −0.3184(7) 0.6724(2) −0.08651(16) 0.0589(6)
O3 0.2932(5) 0.7437(2) 0.18328(14) 0.0496(5)
O4 0.4307(7) 0.5496(2) 0.31748(16) 0.0580(6)
H4 0.4757 0.4806 0.3492 0.087*

Open Access.© 2020 Peng Luo et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 Public
License.

mailto:wxwei@gxu.edu.cn
https://orcid.org/0000-0002-6457-6784
https://orcid.org/0000-0002-6457-6784


566 | Luo et al.: C16H8O4

diluted with 250 mL of water and the resulting precipitate
was obtained via filtration. After drying, the precipitate was
separated on a Biotage Isolera Four flash column chromatog-
raphy system (SNAP Cartridge KP–Sil 10 g), being eluted with
the mobile phase consisting of hexane/ethyl acetate (from
100:0 to 90:10, v/v), to give a red product. This product was
mixedwith equalmolar ratio of NaOH, extracted bywater and
concentrated to achieve a solid. The solid material was fur-
ther crystallized in glacial acetic acid to furnish a red colored
single crystal suitable for X-ray analysis. The melting point
of this crystal was determined as 536 K using a XT-4 melting
point instrument (Beijing Taike Instrument Co., Ltd, Beijing,
China). NMR spectra were performed on a DRX-400 Bruker
NMR spectrometer (Bruker, Germany). 1H-NMR (400 MHz,
DMSO-d6) δ: [ppm] 8.14∼8.17 (2H; m), 7.91∼7.93 (2H; m),
7.62∼7.64 (1H; d, J = 7.8 Hz), 7.35∼7.39 (1H; t, J = 7.9 Hz),
7.10∼7.12 (1H; d, J = 7.8 Hz); 13C-NMR (101 MHz, DMSO-d6)
δ: [ppm] 181.7, 175.4, 153.9, 145.4, 144.3, 134.9, 134.6, 133.4, 132.6,
127.7, 126.8, 126.7, 124.5, 124.1, 115.7, 113.4. IR (νmax, cm−1): 3395,
2920, 2851, 2519, 1668, 1654, 1634, 1593, 1575, 1559, 1492, 1377,
1341, 1320, 1289, 1227, 1183, 1145, 1040, 975, 904, 840, 774, 708.
ESI-MS: 263.0[M−1]−;ACPI-MS: 265.0[M+1]+, 263.0[M−1]−.

Experimental details
H atoms bonded to C and O atoms were positioned geometri-
cally with d (O—H)=0.90 Å, d(C—H)=0.95 Å (aromatic CH),
and treated as riding atoms. For all H atoms, isotropic dis-
placement parameters were calculated as U iso(H)= 1.2 Ueq(C)
and U iso(H)= 1.5 Ueq(O). No chiral carbon is present in the
title structure and the Flack parameter 0.50(9) suggests the
presence of a racemic twin refinement of inversion twinning
giving a twin ratio of 0.6(3).

Comment
The naphthofuranoquinone core is an integral part of var-
ious anticancer products such as benzonaphthofurandione
analogs [4], in which the furan ring forming on the naph-
thoquinone core can significantly increase these anticancer
activities [5]. The naphthofuranoquinone scaffold was con-
structed mainly based on base-catalyzed condensation reac-
tion between 1,4-naphthoquinone and the corresponding
phenol [6, 7], and intermolecular C—C-bond formation and
intermolecular O-alkylation were believed to be two suc-
cessive steps [8]. Other preparation methods by light irra-
diation [9] or oxidation [10] provided some evidences for
explaining this condensation process. The attempt to syn-
thesize a fused naphthofuranoquinone compound derived
from a condensation reaction between 1,4-naphthoquinone
and 3,3′′,4′′,5,7-pentahydroxy-flavone resulted in an unex-
pected novel derivative. The synthesis of the title compound
involves an elimination reaction of the C6—C3 group from

the flavone moiety under basic conditions. This elimination
reactionmechanismwas hitherto unknown and very interest-
ing, and necessitates further investigation. The crystal struc-
ture analysis confirmed the formation of 4-hydroxynaphtho
[2,3-b]benzofuran-6,11-dione as the product. The title crys-
tal structure is built up by C16H8O4 molecules, in which
all geometric parameters are within normal ranges. There
is an intramolecular hydrogen bond: O4—H4· · ·O2 (d(O4—
H4· · ·O2)= 2.733(2) Å; α(O4—H4· · ·O2)= 167.4°). During a
database search for the molecular core scaffold, two crys-
tal structure were found namely. 2,4-di-tert-butylbenzob]
naphtho[2,3-d]furan-6,11-dione [11] and dinaphtho[2,1-b.2′,3′-
d]furan-8-13-dione [12].
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